The space-charge resonance accelerator (SRA) consists of a relativistic electron beam propagating through a dielectric loaded drift tube. In a range of physical parameters, the phase velocity of a selfgrowing space-charge wave increases slowly from zero to a large beam velocity as it propagates into the downstream region, thereby trapping and accelerating ions by its electric field. The self-growing mechanism of the space-charge wave is a typical Cherenkov radiation. (rr r r a-2 (r,z) = -4rp(r,z) , (1) including influence of the geometric configuration.
SUMMARY
The space-charge resonance accelerator (SRA) consists of a relativistic electron beam propagating through a dielectric loaded drift tube. In a range of physical parameters, the phase velocity of a selfgrowing space-charge wave increases slowly from zero to a large beam velocity as it propagates into the downstream region, thereby trapping and accelerating ions by its electric field. The self-growing mechanism of the space-charge wave is a typical Cherenkov radiation.
In recent years, a number of collective ion acceleration methods with linear electron beams have been proposed and investigated at several laboratories.1-5 One of the successful experiments in collective ion acceleration is the linear beam ion acceleration in a evacuated drift tube where ions are provided by an insulating material or a local gas puff. 4, 5 In this paper, we present a new promising scheme to accelerate ions by utilizing relativistic electron beams. A schematic system configuration of the space-charge resonance accelerator (SRA) is presented in Fig. l(a Fig. 1(b) is a schematic plot of the normalized potential e4O(z)/mc2 versus z. It is worthy to note from Fig. l(b) that the axial velocity 5c of electrons is monotonically increasing from zero to (y2 _ l)l/2c/yo as the electrons move from the location of the reflex diode mesh to z = L. In general, the velocity profile 5(z)c is described in terms of the parameters L, £, and RW/Rc.
It has been shown in the previous study8 that the slow space-charge wave couples with the transverse magnetic (TM) dielectric waveguide mode, exhibiting a strong instability. The physical mechanism of instability is the well-known Cherenkov radiation. In an unstable range of physical parameters, amplitude of the slow space-charge wave grows as it propagates into the downstream region [see Fig. l(c) ]. The TM dielectric waveguide mode is obtained from the differential equation
where 6Ez is the axial component of the electric waveguide field, and p2 = w2c/C2 -k2 for Rw < r < Rc and p2 = w2/c2 -k2 for 0 < r < Rw, w is the eigenfrequency and k is the axial wavenumber. In general, solutions to Eq. (5) are a linear combination of Bessel functions of the first kind Jt(x) and second kind Nk(x) of order Q. After a straightforward algebra, we obtain the TM dielectric waveguide mode, which agrees excellently with the plots in Fig. 2 Fig. l(a (10) indicating that the phase velocity of the space-charge wave is a small fraction of the beam velocity for (6) where the parameters £, nI, and C are defined by W2/C2 -k2 = E2/R2, w2c/C2 -k2 = r12/R2 and c = rnRc/Rw.
Maximum coupling of the space-charge wave and the dielectric waveguide mode occurs near the intersecting point of the free streaming mode, w = k5c , f3 (7) with the waveguide mode in Eq. (6) . In order for a steady growth of the space-charge wave, it is necessary to find the conditions for the maximum coupling. Solving simultaneously Eqs. (6) and (7) for a broad range of physical parameters, we present in Fig. 2 plots of the beam velocity 5c versus Rw/Rc correspond- For example, for 6 -0.2, Rbw/c = 0.5 and v = 1, the phase velocity of the space-charge wave is given by w/kc = 0.04 which is already sufficiently small to initially trap and accelerate ions. However, we note from Eq. (9) that the'phase velocity of the space-charge wave approaches to the beam velocity as 5 increases to unity, clearly indicating advantages in the collective ion acceleration. Ions, initially trapped near the reflex diode by the space-charge wave, are further accelerated by the wave electric field. In order to achieve a maximum ion acceleration, the ion velocity is synchronized with the phase velocity of the space-charge wave.
Meanwhile, the amplitude of the space-charge wave is steadily growing by the instability mechanism, providing a necessary energy for ion acceleration. The unstable mechanism of the space-charge wave in a dielectric loaded waveguide has been demonstrated in a previous experiment'.
Initial perturbation of the space-charge wave may be the electron beam noise near the reflex diode mesh.
Since the space-charge wave accelerates ions, simultaneously growing its amplitude by instability, the length of the whole accelerator can be considerably reduced, offering better opportunity to control the experiment. Moreover, the simultaneous growth provides a high acceleration field throughout the acceleration range. The compactness of the accelerator is similar to the ion acceleration by a linear electron beam.4 In this regard, the space-charge resonance accelerator can be very cost effective. In a practical point of view the acceleration portion in a space-charge resonance accelerator can be less than one meter. Therefore, the space-charge resonance accelerator is obviously more advantageous in comparison with the converging guide accelerator2 (CGA), where a large amplitude space-charge wave is launched from outside. The novelty of the space-charge resonance accelerator is the use of dielectric loading of waveguide to control the phase velocity of the space-charge wave, the utilization of the virtual cathode to minimize'the initial phase velocity and a self growing wave by the instability mechanism. More elaborated theoretical work'related to the spacecharge resonance accelerator is currently under investigation by authors and will be presented elsewhere.
